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ABSTRACT 

The fluorescent X-ray emission from neutral iron in the molecular clouds (Sgr B) 
indicates that the clouds are being irradiated by an external X-ray source. The source 
is probably associated with the Galactic central black hole (Sgr A*), which triggered 
a bright outburst one hundred years ago. We suggest that such an outburst could 
be due to a partial capture of a star by Sgr A*, during which a jet was generated. 
By constraining the observed flux and the time variability (~ 10 years) of the Sgr 
B's fluorescent emission, we find that the shock produced by the interaction of the 
jet with the dense interstellar medium represents a plausible candidate for the X-ray 
source emission. 

Key words: Galaxy: nucleus — X-rays: individual (Sagittarius B) — black hole 
physics — radiation mechanisms: non-thermal 



1 INTRODUCTION 

The major component in the Galactic center (GC) region 
is a central molecular zone (Morris & Serabyn 1996), which 
contains about 10% (~ 3x 1O 7 M0) of the total molecular gas 
of the Galaxy (Dahmen et al. 1998). The most well-known 
and massive central molecular clouds are Sagittarius (Sgr) 
Bl and B2. The central molecular zone is bright in diffuse 
X-rays (Sunyaev et al. 1993; Koyama et al. 2007a), including 
thermal and non-thermal emission. The thermal component, 
whose spectrum contains strong K-shell emission lines from 
highly ionized atoms, such as Fe XXV (6.7 keV), and S XV 
(2.45 keV), could be associated with a hot plasma in col- 
lisional ionization equilibrium with multiple temperatures. 
This plasma emission decreases monotonically with an in- 
creasing distance from the GC, and extends about over 1 
degree in longitude (Koyama et al. 1989; Yamauchi et al. 
1990). In contrast, the brightest non-thermal emission line 
from neutral iron, with a strong K-shell transition line at 6.4 
keV, was found to be near the Sgr B region (Koyama et al. 
1996). After the first discovery of the 6.4-keV line emission 
by the ASCA satellite, a much deeper observation of the Sgr 
B region was provided by the Suzaku satellite (Koyama et 
al. 2007b) . Consequently, some remarkable features in the X- 
ray spectra were observed, such as: a large equivalent width 
(> 1 keV) of the 6.4-keV line, and a deep iron K-absorption 
edge at 7.1 keV (equivalent neutral hydrogen column density 
~ 10 23 - 24 cm- 2 ). 

These spectral features suggest that the 6.4-keV line, 
and the underlying continuum emission, could originate 



from fluorescence and Thomson scattering in the molecu- 
lar clouds, which are irradiated by an external X-ray source 
(Koyama et al. 1996; Sunyaev & Churazov 1998). The de- 
tailed morphology of the 6.4-keV line emission of Sgr B2 
cloud was investigated by Chandra (Murakami et al. 2001). 
The line exhibits a concave shape (the peak position of 
the emitting region is located about 1 — 2 arcmin from the 
cloud center), pointing to the GC direction. This strongly 
suggests that the external source is loacted in the GC di- 
rection. However, no sufficiently bright X-ray source has 
been detected there. Therefore, Koyama et al. (1996, 2007b) 
and Murakami et al. (2001) proposed that the supermassive 
black hole (BH), harbored at the GC (Sgr A*), probably 
triggered a bright outburst about one hundred years ago, 
which is the delayed time in the light travel due to the re- 
flection by Sgr B2. As an alternative to the above X-ray 
reflection model, Predehl et al. (2003), Yusef-Zadeh et al. 
(2007), and Dogiel et al. (2009b) proposed that the origin 
of the 6.4-keV line and X-ray continuum emission could be 
due to non-relativistic electrons or protons. However, this 
model is disfavored by the inferred metal abundances of the 
hot plasma in the GC region (Nobukawa et al. 2010), even 
that this conclusion cannot be applied to the case of protons, 
because their estimated abundance depends strongly on the 
spectral index of the protons (see Dogiel et al. 2010). The 
most convincing evidence that supports the X-ray reflection 
model comes from the detection of a similar pattern of emis- 
sion variability in causally disconnected regions (Inui et al. 
2009) . This pattern was recently confirmed by the observa- 
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tion of a clear decay, of about 40% during the past 7 years, 
of the hard X-ray continuum emission from Sgr B2 (Terrier 
et al. 2010). As reported by Ponti et al. (2010), such a time 
variability can also be found in other molecular clouds (e.g., 
G 0.11-0.11). In particular, Ponti et al. (2010) observed an 
apparent superluminal motion of a light front illuminating a 
molecular nebula, which cannot be due to low energy cosmic 
rays, or to a source located inside the cloud. 

In this paper, we use the X-ray reflection model, and 
suggest that the required past outburst could be due to a 
partial capture of a star by Sgr A*. During the accretion of 
the stellar matter onto the BH, an accompanying jet could 
be generated, as seen in some accreting systems, such as mi- 
croquasars (e.g. Gallo et al. 2003; Fender 2003; Fender & 
Maccarone 2004). Then, by considering the deceleration of 
the jet by the dense interstellar medium, the resulting shock 
emission could become a plausible X-ray source, which is re- 
sponsible for the fluorescent emission from the Sgr B region. 
Such a (partial or full) stellar capture event by a central su- 
permassive BH has perhaps already been observed in some 
flaring "normal" galaxies (e.g., Renzini et al. 1995; Li et al. 
2002; Donley et al. 2002). In our Galaxy, as suggested by 
Cheng et al. (2006) , stellar captures may also be required to 
provide a positron source for the observed electron-positron 
annihilation emission from the GC region. Meanwhile, in 
such a stellar capture scenario, the diffuse hard X-ray and 
gamma-ray emission from the GC region can also be ex- 
plained well (Cheng et al. 2007; Dogiel et al. 2009a,b,c,d). 

The present paper is organized as follows. In Section 
[2] by using the X-ray reflection model, we derive from the 
observed 6.4-keV line luminosity the X-ray luminosity of the 
external source. In Section [3l we briefly describe the tidal 
capture process. In Section [H we investigate the dynamics 
and the synchrotron radiation of the shock produced by the 
deceleration of the jet. Then, some basic properties of the 
jet are inferred from the observations. Finally, we discuss 
and conclude our results in Section [5] 



2 THE X-RAY REFLECTION MODEL 

In the following we specifically refer to Sgr B2 cloud as M 
0.66 - 0.02 (Inui et al. 2009), and a radius of r B ~3.2 ar- 
cmin is adopted for this object. The distance to Sgr B2 
is ds ~ 7.8lgy kpc (Reid et al. 2009), and consequently 
r_B ~ 7.3 pc. Due to their projected offset ~ 0.09 kpc and to 
the offset along the light of sight, ~ 0.13 kpc, the distance 
d,AB between Sgr B2 and Sgr A* is about ~ 0.16 kpc (Reid 
et al. 2009). Denoting the (isotropically-equivalent) X-ray 
luminosity of Sgr A* by Ca.x, and the luminosity of the 
6.4-keV line emission from Sgr B2 by Cb,&a, respectively, 
their ratio can be roughly estimated as (Murakami et al. 
2000) 
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where the reflection is assumed to be isotropic. In Eq. {TJ 
a(E) is the photoelectric absorption cross section per hy- 
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Figure 1. The observational luminosity data of the 6.4-keV line 
emission from Sgr B2 cloud and an illustrative fitting (solid line) 
by using Equation (1231) . The fitting parameters are to = 1988, 
T d = 9 yr, and 5ft£ sh ,x,d = 1-1 x 10 34 erg s _1 . 
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2.4 x 10" i4 cm 2 and <r(6.4) 
& McCammon 1983)), <t Fo « 3.7 x 10 ™ cm 
keV) is the photoelectric absorption cross section of an iron 
atom (Rakavy & Ron 1967), the factor 0.34 is the fluo- 
rescence probability, and Zp c ~ 1.6Zf c .q « 10~ 5 is the 
abundance of iron (Nobukawa et al. 2010). The Galactic 
absorption from the cloud to the observer is assumed to be 
Nh,g ~ 6 x 10 22 H cm" 2 (Sakano et al. 1997), and from 
the intensity of the CS emission, which is directly correlated 
with the cloud mass, the column density of the Sgr B2 cloud 



can be inferred to be Ah , 



x 10 23 H cm -2 (Tsuboi et 



al. 1999; Ponti et al. 2010). The interstellar absorption from 
Sgr A* to the cloud is neglected. An improved model for the 
calculation of 5ft can be found in Murakami et al. (2000) . 

There have been several deep exposure and short sur- 
vey observations of the Sgr B2 cloud with different satel- 
lites or instruments, such as ASCA, XMM-Newton, Bep- 
poSAX, Chandra, Suzaku, and INTEGRAL. Some obser- 
vational fluxes of the 6.4-keV line emission can be found 
from the literatures (e.g., Revnivtsev et al. (2004) and 
Inui et al. (2009)). They are of the order of magnitude of 
~ 10~ 4 photons s _1 cm -2 . With a distance ds ~ 7.81q7 
kpc, the luminosity £b,6a can be calculated to be around 
~ 10 34 erg s _1 . The specific observational data are shown 
in Figure 1. Combining this result with equation Eq. {T}, we 
can estimate the order of magnitude of the luminosity of the 
source as 



Ca,x = 
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which is much higher than the present luminosity of Sgr A*, 
which is of the order of ~ ^g33-35 er g g -i (B a g ano fj e t a l. 
2003). Fig. 1 also shows some 6.4-keV line emission data, 
extrapolated from the 20 — 60 keV continuum emission data 
from Terrier et al. (2010), by assuming that both the 6.4-keV 
line and the continuum emissions have the same trend, and 
that the different sets of 6.4-keV line emission data should be 
joined continuously. The apparent time variation exhibited 
by the data indicates that the source emission is likely to 
be a transient. This implies that about one hundred years 
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ago a bright outburst had happened at Sgr A*. The mo- 
ment of the outburst can be obtained from the delay in the 
light travel time, due to the reflection by Sgr B2, given by 
~ (0.16 kpc-0.13 kpc)/c . 



3 STELLAR TIDAL CAPTURE BY SGR A* 

Observations show that at the center of Sgr A* there is a 
supermassive BH , with a mass of 4 x 10 6 Mq (see the review 
by Genzel & Karas 2007). In the close vicinity of Sgr A* (less 
than 0.04 pc from it), about 35 low-mass stars (1 — 3 Mq) 
and about 10 massive stars (3 — 15 Mq) are present (see 
Alexander & Livio 2004). Hence, the past outburst probably 
indicates a (partial) capture of a star by Sgr A*. When a 
star gets very close to a supermassive BH, it will experience 
tidal distortions, and even disruptions. The strength of a 
tidal encounter can be defined by the square root of the 
ratio between the surface gravity and the tidal acceleration 
at the pericenter, 
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where G, R p , M+, _R*, M. are Newton's constant, the peri- 
centric distance, the stellar mass, the stellar radius, and the 
BH's mass, respectively. If M. > 10 8 Mq, and for a suffi- 
ciently small R p , the star would directly fall into the BH's 
event horizon, without emitting any significant amount of 
energy. However, for a BH such as Sgr A*, the star would 
disrupt when r\ < 1, which corresponds to 



R p < Rt = R* 



M.\^ a 



7.0 x 10" cm 



M. 

W 6 Mq 



1/3 



M+ 

~Mq 



-1/3 



R,: 



where Rt is called the tidal radius. On the other hand, for 
somewhat larger pericentric separations (77 > 1), the star 
avoids total disruption, but it may lose parts of its envelope, 
which are captured by the BH. The stripped star, having 
positive energy, escapes from the system. We denote the 
capture fraction of the total stellar mass by £. 

After the disruption or stripping, the bound material 
follows a highly eccentric orbit, and after completing one 
orbit it returns to the central BH. A circular transient accre- 
tion disk forms, producing a transient black body emission. 
The emission reaches a peak when most of the material first 
returns to the pericenter, after a time 1.5 i m in, where (Ulmer 
1999) 
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We can use this timescale to estimate the accretion rate, 
and the corresponding bolometric luminosity of the disk, 
as M = (2^M*/3W n )(V*mi n )" 6/3 , and £ disk = eMc 2 , re- 
spectively, where e is the radiation efficiency, which is usu- 
ally taken to be ~10%. However, for an accretion rate much 
lower than the Eddington rate, the accretion flow is likely 
to be radiatively inefficient (e.g., Yuan, Quataert & Narayan 



2003). In this case most of the thermal energy released by 
viscosity, and increased by compression, will be retained in 
the gas, and advected to the BH. Therefore we could have 
a very small e -C10%. Moreover, since the frequency with 
which a solar type star passes within a distance Rt is about 
10" 4 - 10" 5 yr" 1 (Rees 1988), the capture event that hap- 
pened one hundred years ago is quite unlikely to be a full 
capture, i.e., ^ < 1. 

Therefore the peak value of the disk luminosity can be 
estimated as (Ulmer 1999) 
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Since this bolometric luminosity is very high, the disk 
emission could be an appropriate source for the X-ray echo 
emission of Sgr B2. Unfortunately, most of the disk energy 
will be actually released into an energy band much lower 
than hard X-rays, as can be seen in some stellar-capture- 
like flares, found in UV/optical detections (e.g., Gezari et 
al. 2008, 2009). Moreover, a UV flare detected at the center 
of a mildly active elliptical galaxy, NGC 4552, even indicates 
a candidate for a partial capture event (Renzini et al. 1995). 
Theoretically, we can also give an upper limit for the disk 
temperature associated with an Eddington luminosity, Ce — 
1.5 x 10 38 erg s _1 (M./M Q ), emitted from the tidal radius 
(Ulmer 1999), 
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or from the Schwarzschild radius (Ulmer 1999), 
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where we have neglected a factor of the order of unity. The 
above equations may underestimate the real temperature in 
the disk, but the luminosity in the partial capture is also 
lower than the Eddington luminosity. Therefore, it seems 
difficult for the disk emission to provide sufficient X-ray pho- 
tons with energy > 7.1 keV to excite the strong 6.4-keV line 
emission of the clouds. 

The strong UV emission can still influence the envi- 
ronment of Sgr A^. Taking Sgr B2 as an example, we can 
estimate the mean free path of a UV photon with energy 
£uv ~ ksTcff ~ 20 eV in the cloud as I = (<T njj) - = 
2.3 x 10 13 cm, where the number density of neutral hydro- 
gens is riu ~ A r H,c/(2rs) = 1.8 x 10 4 cm' 3 , and the pho- 
toionization absorption cross section can be expressed as 
cj a w 2.5 x 10~ 18 (euv/20eV)- 3 (Lang 1980). This indicates 
that if the layer is so hot that it can be fully ionized, the 



1 We would like to point out in advance that the UV emission 
could be generated about ten years earlier than the hard X-ray 
emission, since the latter is probably produced by a jet shock, 
whose emission reaches its peak about ten years after the capture 
event (see the next section). 
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UV photons can only penetrate into a very thin surface layer 
of the cloud. In view of the small thermal capacity of the 
layer, ~ 10 41 erg K" 1 , it is indeed very easy to heat the 
layer to high temperatures, as long as a small fraction of 
the UV energy is converted into thermal energy. For ex- 
ample, the ionized electrons can lose their kinetic energy 
to heat the plasma. After being continuously irradiated by 
the UV flare for a few months, the total mass of the fully 
ionized envelope of the cloud, exposed to Sgr A*, can be 
estimated as M- lon ~ Nuv (fl/^s) m H = 25Mq, where 
Nuv ~ (1.5Z/disk,pimin/euv) is the total number of the pho- 
tons, run is the mass of hydrogen atom, and we assume 
that each UV photon ionizes one hydrogen atom. Conse- 
quently, the width of the ionized envelope is about A ~ 
Afi on / 1 (2-nr\nurau) = 5.2 x 10 14 cm = 23 I, which means 
that only an extremely small fraction A/rs = 2.3 x 1CP 5 of 
the cloud can be ionized by the UV flare. Finally, due to the 
high temperature of the ionized region, the ionized material 
may be able to ultimately evaporate from the cloud and mix 
with the surrounding plasmas. 

What can be the appropriate X-ray source in this 
stellar-partial-capture model? Similarly to the active galac- 
tic nuclei, one may suggest that the Compton up-scattering 
of the soft disk photons by a hot corona can produce strong 
hard X-ray emission. This is a reasonable scenario, but un- 
fortunately it is not clear when and how a hot corona can be 
formed, and even whether there will be a corona, since the 
disk is very short-lived and strongly time-dependent. Even 
if a corona accompanying the disk can indeed be formed, 
the temporal behavior of the corona emission still should 
basically follow the behavior of the disk emission, whose 
variability timescale (see Eq. 6) is however much shorter 
than 10 years. Alternatively, as suggested by Cheng et al. 
(2006), a jet could be generated during the capture event. 
This can be suggested from the fact that accreting BHs in 
microquasars sometimes are accompanied by jet emission. 
Although in the high/soft state of microquasars the jet for- 
mation is highly suppressed (Fender et al. 1999; Gallo et al. 
2003), the evidences for jet emission are solid enough in the 
low state (e.g. Gallo et al. 2003) and in the "very high" state 
(e.g. Fender 2003; Fender & Maccarone 2004). Therefore, we 
suggest that the source emission could be produced by the 
jet. 



4 SHOCK EMISSION ARISING FROM THE 
JET DECELERATION 

If a jet was indeed ejected during the past capture event, 
a shock would be produced from the interaction of the jet 
outflow with the interstellar medium. Using such a jet shock 
emission, Wong et al. (2007) explained the transient X-ray 
and optical data from some nearby normal galactic nuclei, 
where a capture event may had also occurred. Due to the 
motion of the jet outflow, the ambient interstellar medium 
is gradually swept up by the shock, and simultaneously the 
outflow is decelerated. We denote the deceleration timescale 
of the outflow by Td. Before Id, the outflow coasts, and due 
to the accumulation of the shocked medium the emission of 
the shock increases. After T<j, the emission is weakened due 
to the significant deceleration of the outflow. In other words, 
the shock emission would arrive at the peak at around Td, 



and the increasing time of the emission roughly reflects the 
deceleration timescale of the outflow (see Equation (1231) ). 
Therefore, according to the observational data, shown in Fig. 
1, it seems acceptable to take decades as a fiducial value for 
T d . 

Hence we can use Td ~ 10 yr to find out whether ini- 
tially the outflow moves at a relativistic or non-relativistic 
velocity. For an outflow with an isotropically-equivalent en- 
ergy £□ we first define a critical mass as M a f, c = £/c 2 = 
5.6 x 1O~ 5 M £ 5a . Hereafter, the convention Q x = Q/10 x 
is adopted in cgs units, except for the mass that is ex- 
pressed in units of Mq . Obviously, if the mass of the outflow 
.Mof < -Mof.c, the outflow has initially a relativistic veloc- 
ity, with a Lorentz factor of T, = £/(A4 fC 2 ). In this case, 
the deceleration time can be defined as F^M sw d c 2 — £ with 
Msw,d = ^itR\nm p and R d = 2r 2 eTd(f] where n is the num- 
ber density of the ambient medium, A4 SV is the total mass 
of the swept-up medium, R is the radius of the shock, m v is 
the mass of proton, and c is the speed of light. The above 
equations yield 

where we take n ~ 10 cm" 3 as a fiducial valu^E On the other 
hand, if M f > M { tC , the outflow would be non-relativistic, 
with a velocity of Vi = (2£/A4 {) 1 ^ 2 . In this case, we can 
obtain Td from the equations dV 2 = £, M S w d = 

^irR d nm p , and R d = Vt?d, respectively, as 

» - ""s w <.".- w ' <"> 

For Td ~ 10 yr, the relativistic case requires 

£ > 4.3 x 10 56 erg mTd 3 8 .5, (11) 

a condition which is physically unacceptable. In contrast, 
the non-relativistic case yields a more reasonable result, 

Vi{£) = 2.5 x 10 9 cm s" 1 £ 5 \{'V~ 1/5 T~ 8 3/ 5 5 , (12) 

Mot{£) = 1-7 x 10" 2 M £ 5 3 o /5 n 2/5 T d % 5 5 , (13) 

which is only mildly dependent on the uncertain model pa- 
rameter £. 

The dynamic evolution of the non-relativistic adia- 
batic shock is determined by the energy conservation law 
§A^swU 2 = £, which gives 

2 £ represents the total energy of the outflow including its rest 
energy in the relativistic case, but only the kinetic energy in the 
non-relativistic case. 

3 The subscribe "d" represents the values of the quantities at 
the deceleration time T d . For a relativistic shock, the internal 
energy of the shocked medium in its comoving frame can be es- 
timated by £; n = (Ti — 1)A1 SW dC 2 according to the shock jump 
condition (Blandford & Mckee 1976). So the total energy of the 
shocked medium can be expressed by £ = Ti(Ei n + M sw dC 2 ) = 

r 2 Ai aw , d c 2 . 

4 Actually the gas density distribution in the GC region is com- 
plicated. According to Jean et al. (2006), the bulge region inside 
the radius ~ 230 pc and height 45 pc contains 7x 10 7 Mq. A total 
of 90% of this mass is trapped in small high density clouds (as 
high as 10 3 cm -3 ), while the remaining 10% is homogeneously 
distributed with an average density ~ 10 cm -3 . 
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V(t) = Vi 



t < 1, 
t> 1 



(14) 



where t = (t — to)/T<i, with to being the initial time of 
the capture event. The deceleration timescale Td is denned 
by Eq. (|10|) . This is the well-known Sedov solution (Sedov 
1969) . When the shock propagates through the medium, the 
energy density behind the shock is given by (Lang 1980) 
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By assuming that a fraction es of the internal energy is in 
form of magnetic energy, the magnetic field strength can be 
estimated as B = (87rese) 1//2 . The shock-accelerated elec- 
trons are assumed to have a power-law distribution of the 
kinetic energy (7 — l)m e c 2 , with a minimum Lorentz factor 
7 m given by (Huang & Cheng 2003) 

oc 7 _p , for 7 > y m , (16) 

07 

where for simplicity 7 = 7 — 1 is defined as an effective 
Lorentz factor, and p ~ 2.2 is the spectral index (Gallant et 
al. 2002). If the internal energy of the electrons is a small 
fraction e e ~ 0.1 of the total internal energy (smaller than 
that of the protons), we can obtain the value of y m as (Dai 
& Lu 2001) 
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where 7 mj d = 0.06 e ei _i£ 5 g ri^ T7 8 ' 5 . Considering the 
synchrotron cooling] of the electrons with power P(y) = 
|arc(7 2 — l)^r, a critical cooling Lorentz factor can be 
determined by ym e c 2 = P{"{)t to be 
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where y cA = 8.5 x 10 3 e^_ 1 S^'°n 1 *'°T^g 5 > 1. Within 
the time t an electron with an initial Lorentz factor 7 > j c 
would quickly cool down below y c . Therefore, the spectral 
index of the net electron distribution above y c becomes p+1, 
and a radiation spectrum of the form u~ p ^ 2 can be produced 
by these radiative electrons (Sari et al. 1998). 

The peak spectral power of an electron can be obtained 
from the ratio of the total power and of the synchrotron 
characteristic frequency (Sari et al. 1998) 
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radiation spectrum can be written as 
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5 Following Sari 
tion density as u 



Esin (2001), we can estimate the radia- 
(7c/7m) 2 ~ p eee (representing here an up- 
per limit ), while the energy density of the magnetic fields is 
ub = B 2 /8tt = tfle. Then the ratio of the luminosity of the 
inverse-Compton radiation to the synchrotron luminosity is given 
by u-y/ug = (ee/ss)(7c/7m) 2_p ~ 0.1, which is much smaller 
than one. Therefore, in this paper we would not consider the 
inverse-Compton scattering of the electrons. 



where the characteristic frequency, corresponding to the y c 
electrons, is given by 
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where u cA — 3.5 x 10 Hz e g _i£$q 

10 18 Hz. The spectral index p/2 is perfectly consistent with 
the observational index (Terrier et al. 2010). The number of 
the electrons above 7 C can be obtained as 
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For a fixed frequency vx ~ 10 18 Hz, Eq. I|20|) gives the 
evolution of the X-ray luminosity as 
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where the peak value at Td is 

r _ 7 o v in 37 «™ c- 1 eP- 1 c (p- 2 )/ 4 

i- s h,x,d — (.0 x 1U erg s e e,-i e s,-i 



x£ 



p/2„(2-p)/4 (2-p)/2 T (4-3p)/2 
1 U X,18 ■ L d,8.B 



(23) 



(24) 



The fitting to the observational data, obtained by using 
Eq. (f23)l . is shown by the solid line in Fig. 1, where £ s h,x,d = 
(1.1 x 10 34 /5R) erg s _1 . The confrontation between the model 
and the observations shows that most of the data can be well 
explained by this simple jet shock emission model. Only the 
BeppoSAX data (diamond) do not fit with the fitting line. 

Taking into account that the jet may be concentrated 
within a narrow cone, we introduce a beaming factor ft, 
and denote the beaming-corrected energy of the jet by -Bj e t. 
Then we can solve the equation fb£sh,x,d(£) = £A,x, P cak ~ 
10 39 erg s" 1 with £ = Ej e t/fb to obtain 



Bjet = • HP erg/,,; , (/ 

v r 2 / p „(P-2)/2j>,.Cp-2)/p T ,(3p-4)/p 
A/ -yt,X,peak,39"'l "18 ± d,S.5 ' > 



(p-2)/p 2(l-p)/p (2-p)/2p 
B, 



6,-1 c e,-l B,-l 
(p-2)/2p„Cp-2)/p T ,(3p-4)/p 



where the emission from the beamed jet is assumed to be 
isotropic. Moreover, substituting £ = Ej e t/fb into Eqs. (|12|l 
and (|13[1 . we further obtain 



-2/5p 



Vi = 6.0 x 10 9 cm s" 1 /( 
M jet = / 6 A* f = 0.02 M / b (5 :r 6)/5p , 



(26) 
(27) 



where e e ,-i = £b,-i = £A,x, P cak,39 = m = i^x.is = 2d,8.5 = 
1. By assuming that a fraction £ (typically 1 — 10%; Yuan et 
al. 2005) of the total accreted stellar matter can be ejected 
into the jet, the mass loss of the star can be estimated to 
be ~ 0.2 M Q / 6 (5 :r 6)/5p Ci\ which can be reduced if the jet 
emission is anisotropic. All of the above results show that 
one can choose the jet as the hard X-ray source. 

It should be noticed that the above analytical calcula- 
tions are some rough approximations. For example, the real- 
istic transition in the light curve from the increasing phase 
to the decreasing phase would be much smoother. In this 
case the BeppoSAX data could be understood. Moreover, 
we do not consider the sideway expansion of the jet. If we 
take c a = jVi as the upper limit of the sound speed of the 
shocked medium, the timescale of the sideway expansion of 
the jet can be estimated as 2y/Jb~Rd/c s ~ 2Td- This timescale 
indicates that about few decades later the jet will become 
nearly isotropic diffuse material, which will appear as a new 
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component of the environment of Sgr A*, within a region 
of a few tens of arcseconds. Hence, it is nearly impossible 
to image the jet one hundred years after the capture event. 
Nevertheless, on much longer timescales, the interaction of 
these BH-ejected diffuse materials with the initial diffuse 
surrounding medium could still play an important role in 
the GC diffuse X-ray, gamma-ray, 511 keV annihilation line 
emissions, and in the heating of the surrounding plasma, 
which had been thoroughly studied in Cheng et al. (2006, 
2007) and Dogiel et al. (2009a, b, c). 

In addition to Sgr B2, the jet emission can, at least in 
principle, also influence the other molecular clouds around 
Sgr A*, but such an influence mostly depends on the dis- 
tances between the clouds and Sgr A*. Consequently, some 
clouds reflect the increasing emission, while some others re- 
flect the decreasing emission. More importantly, the emis- 
sion from the beamed jet is probably highly anisotropic, at 
least during the first decades, although for simplicity the 
isotropic approximation is adopted in our calculations. So 
the reflection by different clouds could be strongly depen- 
dent on their viewing angles with respect to the direction of 
motion of the jet. In addition, the different properties and 
environments of the different clouds, can also lead to a great 
diversity of the reflection emission. To a certain extent, Sgr 
B2 could have a very particular position, just in front of the 
jet. The distance of the cloud to Sgr A* makes it possible 
to detect both the increasing and the decreasing emission 
phases. 



5 CONCLUSION AND DISCUSSION 

In the framework of the X-ray reflection model for the 6.4- 
keV line emission from Sgr B, we propose that the exter- 
nal X-ray source could be associated with a stellar par- 
tial capture event at Sgr A*. A qualitative comparison be- 
tween the observational and theoretical timescales and lu- 
minosities further shows that the source emission is likely 
to be produced by the shock produced by the jet deceler- 
ation (but not by the accretion disk). The inferred energy, 
mass, and velocity of the jet show that (i) the jet has a 
low-energy (~ 10 51 erg), and it is non-relativistic (~ 0.1c) 
and (ii) the star could be only partially stripped, rather 
than totally disrupted, corresponding to a capture fraction 

It has been suggested for a long time that supermas- 
sive BHs in relatively low luminosity active galactic nuclei 
can be fed by the tidal capture of stars. However, direct ob- 
servational evidence for such capture processes is lacking. 
The investigation in this paper shows that, in view of the 
short distance to the GC, it may be worthwhile and feasi- 
ble to carefully observe the GC region to find clues to some 
historical capture events, even though now Sgr A* is qui- 
escent, with an X-ray luminosity of only ~ |q33-34 gr g g -i 
(Baganoff et al. 2003). 

Finally, we would like to point out some alternative sce- 
narios for the X-ray source, e.g., (i) Fryer et al. (2006) sug- 
gested that the X-ray source could be due to a supernova 
shock hitting the 50km s _1 molecular cloud behind, and to 
the east, of Sgr A*. The last vestige of this interaction is 
visible now as Sgr A East; (ii) Cuadra et al. (2008) found 
that shocks produced by stellar winds can create cold clumps 



of gas, the accretion of which onto Sgr A* would produce 
for a decade intervals of activity with luminosity as high as 
10 39 erg s~ . The wind-clump-capture model may have some 
similarities to our stellar-partial-capture model. But in the 
present paper we have considered a more detailed analysis of 
the physical processes after the matter capture by the black 
hole, and which could be directly responsible for the X-ray 
emission. 
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